Experimental Details
All catalytic reactions were performed in either screw-cap or J. Young NMR tubes. All chemicals were obtained from common commercial suppliers and were used without further purification. Measurement of the NMR spectra were performed on Bruker AC 300-P, Avance III 600, and Varian Inova 500 MHz instruments. The bis-NHC complexes were synthesized according to procedures reported in the literature. 
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Isotope Effect
The isotope effect was determined for the exchange of the ortho/para positions only. The reaction rate for the exchange of toluene-D 8 with HOTFA was determined according to Figure   S2 (after subtraction of the exchange of the meta position). The reaction rate for the exchange of toluene-H 8 with DOTFA ( Figure S3 ) was assessed by measuring the yield for the exchange of the ortho and para positions after 2, 8, and 17 h (each data point is the mean of two runs). To ensure consistency, the coordination number c was taken to be 6 for most metals, with octahedral species being calculated; whereas for M = Pt, Pd, Au, and other platinum-group metals c was taken to be 4 and square planar species were calculated. 1.981992 -2.16849 -3.92613 F35 0.520798 -1.16269 -5.19519 C36 -3.89658 -0.57674 -0.55292 F37 -3.69247 -1.01773 -1.80738 F38 -4.2015 -1.63076 
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